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(57) ABSTRACT

The present invention relates to a chiral oxamide of formula
(D) useful as an intermediate in the preparation of dorzol-
amide, and to the preparation thereof. The invention also
relates to the preparation of dorzolamide, to the hydrochlo-
ride salt thereof, and to the active ingredient contained in a
drug useful in the treatment of glaucoma, by means of the
intermediate of formula (I).
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Figure 1: XRPD of Form |
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1
PROCESS FOR PREPARING
ENANTIOMERICALLY ENRICHED
OXAMIDES

This application is a U.S. national stage of PCT/EP2013/ 5

063644 filed on 28 Jun. 2013, which claims priority to and
the benefit of Italian Application No. MI2012A001165 filed
on 3 Jul. 2012, the contents of which are incorporated herein
by reference in their entireties.

The present invention relates to a compound of formula

@

@

| \ SO,NH,

S S
useful as an intermediate in the preparation of the active
ingredient dorzolamide hydrochloride, and to a process for
the preparation thereof

The invention also relates to the preparation of dorzol-
amide hydrochloride by means of said intermediate of
formula (I).

DESCRIPTION OF THE FIGURES

FIG. 1: XRPD for the crystalline form 1 (form 1) of the
compound of formula (I).

FIG. 2: XRPD for the crystalline form 2 (form 2) of the
compound of formula (I).
MEASUREMENT METHODS

The graphs obtained by means of the use of the X-ray
powder diffraction (XRPD) technique were obtained with a
diffractometer and were established using a Bruker D8
Advance diffractometer with Bragg-Brentano geometry
under the following conditions:
X-ray tube: copper
Radiation used: K(al) and K(ct2)
Voltage and current of the generator: 40 kV, 40 mA
Detector: PSD
Step size: 0.015
Time per step: 0.5 seconds
Initial and final 26 angular value: 3.0°-40.0°

DETAILED DESCRIPTION OF THE
INVENTION

European patent EP 296879 describes compounds effec-
tive as inhibitors of carbonic anhydrases, including dorzo-
lamide, of formula:

The hydrochloride salt of dorzolamide is the active ingre-
dient contained in the proprietary medicinal product Tru-
sopt®, which is used in the form of ophthalmic drops in the
treatment of patients suffering from glaucoma. The ingredi-
ent dorzolamide hydrochloride is also combined with the
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active ingredient timolol maleate in the form of ophthalmic
drops in the proprietary medicinal product Cosopt®.

The process for preparing dorzolamide and salts thereof
was described for the first time in patent EP 296879
(EP?879). In EP’879, the production of enantiomerically
pure dorzolamide requires the use of intermediates that are
enantiomeric mixtures, the use of a chromatography column
and of a chiral resolving agent in the final phases of
synthesis, with a subsequent significant reduction of the
reaction yields.

Patent EP 2010544, of the same applicant, refers to an
alternative synthesis method that comprises a process for
resolving trans racemic (x) (4S,6S;4R,6R)-4-(ethylamino)-
5,6-dihydro-6-methyl-4H-thieno-[2,3-b|thiopyran-2-sulfo-
namide 7,7-dioxide (dorzolamide trans racemate) of for-
mula:

N
| A\ SO,NH,
S S
0O,

characterised by:
a) reacting said racemate with (1S)-(+)-10-camphorsul-
fonic acid of formula:

HO;S 0

b) obtaining the (4S,6S) enantiomer by selectively pre-
cipitating and recovering the relative camphorsulfonic
acid salt thereof (dorzolamide camphorsulfonate) of
formula:

g

m o
S S
O,

¢) neutralising the dorzolamide camphorsulfonate to

obtain dorozolamide and, if desired, transforming the
dorzolamide into the hydrochloride salt thereof

The trans racemate of dorzolamide can, in turn, be pre-

pared in accordance with the prior art teachings, for example
by following the steps illustrated below in Schema 1

HO;S 0

Schema 1
O
H,0,
| AN SONTL NayWO42H,0
g S Step 1

4-oxo0-solfuro
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-continued
O
[ ) —sonm, Bt
Step 2
S S

O// \\O

4-oxo-sulfone

OH
m o
g S

Organic acid,

CH;CN
Step 3
VAN
O \O
4-hydroxy-sulfone
e}
NH)J\
\ BH;-THF
| SONI, —Tpp
S S Step 4
VAN
o 0
4-acetamido-sulfone
NH/\
\ Maleic acid
| SONH  separation of trans
S from cis
S Step 4
VAN
o O

4-ethylamino-sulfone

N

COH
| \ SO,NI, . NaOH _
S Step 5
N COH
/AN
O/\O
trans-dorzolamide
maleate salt
NN
| \ SO,NH,
N
O/ @]

trans dorzolamide

Although the above-mentioned synthesis method accord-
ing to patent EP 2010544 has advantages compared to the
method specified in patent EP 296879, it results in a loss in
yield however greater than 50% of dorzolamide camphor-
sulfonate following resolution of the trans racemate and
subsequent isolation of the desired isomer dorzolamide
48,6S.

The difficulties in specifying a synthetic process that is
simultaneously neat, easily implemented and conveniently
leads to the production of dorzolamide hydrochloride in a
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pure form on an industrial scale without loss of yield have
driven the present inventors to try and find a new process
that meets the above-mentioned needs.

In order to therefore increase the productivity of the
process and consequently reduce the productions costs of
dorzolamide hydrochloride whilst overcoming the above-
mentioned drawbacks, the present inventors have prepared
an alternative method for the synthesis of dorzolamide,
which uses, as raw material, a new compound in which the
configuration of the methyl group in position 6 of the
4-oxo-sulfur of Schema 1 is already established in the S
configuration.

The present invention therefore firstly relates to a new
compound of formula (I):

@

| \ SO,NH,

S S

also referred to hereinafter as dorzo oxamide and useful as
an intermediate in the preparation of dorzolamide hydro-
chloride.

Blacklock et al., J. Org. Chem., 1993, 58, 1672-1679 have
already attempted to obtain the compound of formula (I)
from the raw material available on the market of formula
Im):

(I

| N\

S S

following the synthesis method illustrated in Schema 2:

Schema 2
e}
1y =
R
X S
X =S composto di formula (III),
X =50,
e}
O
N\ 7 NH,OH
| S—(C —»
o N\
X ¢}
X =S composto di formula (II),
X =80,
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-continued

0
| \ s/<— NH,
\o

X S

More specifically, whereas the chlorosulfonation of the
compound of formula (III) occurs without erosion of the
enantiomeric excess, the successive amidation leads how-
ever to complete racemisation of the product via retro-
Michael, even from the corresponding compound in which
X=S0,.

Although the lack of success of Blacklock et al. discour-
aged those skilled in the art from starting from the same raw
material in order to obtain the desired compound of formula
(D, the present inventors have surprisingly found that the
reaction of amidation can be performed still maintaining the
high enantiomeric excess of the compound of formula (I),
working with suitable technical equipment.

IT is therefore a further object of the present invention
therefore also relates to a process for preparing the com-
pound of formula (I) with an enantiomeric excess equal to or
greater than 60%

@

| \ SO,NH,

S S
comprising the reaction of the compound of formula (II)

an

| A\ SO,CI

S S

with NH; or salts thereof; said process being characterised
in that the reaction is carried out in an acidic or neutral
environment.

An acidic or neutral reaction environment is obtained by
applying the knowledge of a person of average skill in the
art in the light of the teachings provided by the prior art; for
example working with a number base equivalents equal to or
less than the acid equivalents initially present in solution.

In a specific aspect, in order to obtain the compound of
formula (I) with an enantiomeric excess equal to or greater
than 60%, one mole equivalent of the compound of formula
(II) is reacted with an amount between 2 and 3 mole
equivalents of NH;.

The enantiomeric excess with which the compound of
formula (I) is obtained is preferably equal to or greater than
70%, more preferably equal to or greater than 80%, and in
particular is equal to or greater than 90%.

In accordance with the present invention, the term NH;
includes NH; gas, NH; in organic solution and NH; in
aqueous solution, otherwise known as NH,OH.
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In accordance with the present invention, the salts of NHj,
otherwise known as ammonium salts, can be selected for
example from (NH,),CO;, NH,(HCO,) and CH;COONH,,.

The process according to the present invention can be
carried out, for example, in an organic solvent, such as
methanol, ethanol, isopropanol or dioxane, in the presence
of a polar or non-polar aprotic solvent, such as acetone,
tetrahydrofuran (THF) or dichloromethane, working at a
temperature between -70° C. e 100° C., preferably between
-25° C. and 25° C., more preferably between —20° C. and
5°C.

In accordance with the present invention, the compound
of formula (I) can be obtained, for example, by adding NH;
gas, NH; in aqueous solution or in organic solvent as defined
above, or a salt of NH;, selected from those defined above,
preferably (NH,),CO;, in a solution of the compound of
formula (II) in an aprotic solvent as defined above, prefer-
ably acetone, working at temperatures preferably between
-25° C. and 25° C

The conversion of a compound of formula (I) to dorzol-
amide and its hydrochloride salt can be obtained by means
of application of the known synthesis steps already pre-
sented for example in Schema 1, using the compound of
formula (I) as raw material instead of the corresponding
racemate and following the method illustrated in Schema 3:

Schema 3
H,0,
S— H2 NazWO4 2H20
(1)
0
0
| \ S//—NH NaBH,
g \\O THF
(if)
//\\
Iv)
0 CH,CN
s//— g, CH:SOH
\\O (iii)
// \\
V)
o
0
S//_ Ny, BHTHE
\  THF
0 (iv)
// \\

VD
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-continued
HN
O Acido
| \ S//— NI Maleico
\\ 2 Acctone
A S 0 %
O/ \O

CO,H
NaOH
—_—
(vi)
CO,H

(VIID)

N

o)
| \ S//_NH2 HCl
(vif)

g S
V4 \\O
IX)
HT;T/\ HCl
| \ s\—NH2 .
S s \0
o// \\o

Dorzolamide Cloridrato

The scope of the present invention therefore includes the
preparation of the compound of formula (IV) as defined
above, for example in step (i) of Schema 3, which comprises
the oxidation of the compound of formula (I) obtained by
means of the process according to the present invention.

The scope of the present invention also includes the
preparation of a compound of formula (V) as defined for
example in step (ii) of Schema 3, which comprises the
reduction of the carbonyl group of the compound of formula
(IV) obtained by means of the process described above.

The scope of the present invention also includes the
preparation of a compound of formula (VI) as defined above
for example in step (iii) of Schema 3, which comprises the
transformation of a compound of formula (V) obtained via
the Ritter reaction by means of the process described above.

The scope of the present invention also includes the
preparation of a compound of formula (VII) as defined for
example in step (iv) of Schema 3, which comprises the
reduction of a compound of formula (VI) obtained by means
of the process described above.

The scope of the present invention also includes the
preparation of the compound of formula (VIII) as defined for
example in step (v) in Schema 3, which comprises the
salification of a compound of formula (VII) obtained by
means of the process described above.

The scope of the present invention also includes the
preparation of the compound of formula (IX) as defined for
example in step (vi) of Schema 3, which comprises treating
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with a base the compound of formula (VIII) obtained by
means of the process described above.

The scope of the present invention additionally includes
the preparation of dorzolamide hydrochloride as defined for
example in step (vii) in Schema 3, which comprises treating
with HCI the compound of formula (IX) obtained by means
of the process described above. The compound of formula
(II) is commercially available and can be prepared by
methods known in the art. For example, the compound of
formula (II) can be prepared by reacting the compound of
formula:

| A

S S

with chlorosulfonic acid and thionyl chloride at tempera-
tures between 0° C. and 40° C. in mass or in the presence of
a solvent compatible with the reagents used, such as chlo-
rinated solvents.

In a specific aspect, the present invention relates to the
compound of formula (I) in its crystalline form 1 (form 1).
The compound of formula (1) form 1 crystallizes in the space
group P1 with cell parameters a=7.925 (2), b=7.927 (3),
€=9.326 (3) A, @=99.50° (3), B=101.09° (3), y=102.31° (3)
and V=548.6 A3, with two independent molecules (Z'=2).

The compound of formula (I) is characterised by the
X-ray powder diffraction (more commonly known in the
scientific field by the term XRPD) graph as illustrated in
FIG. 1.

The characteristic peaks in XRPD of the compound of
formula (1) are described in Table 1.

TABLE 1

XRPD of the crystalline form 1 (form
1) of the compound of formula (I)

2 theta degrees Relative intensity

(+0.1) (Angstrom)
9.865 8.959
23.443 3.793
14.359 6.164
23.133 3.842
16.837 5.261
27.181 3.278

In a further specific aspect, the present invention relates to
the compound of formula (I) in its crystalline form 2. The
compound of formula (I) form 2 crystallizes in the space
group monocline P21 with cell parameters a=5.1447 (4)
b=18.248 (1) c=11.847 (1) A, =95.494 (8), and V=1107.09
A3, with two independent molecules (Z'=2).

The compound of formula (I) form 2 is characterised by
the XRPD graph as illustrated in FIG. 2.

The characteristic peaks in XRPD of the compound of
formula (1) are described in Table 2.
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TABLE 2

XRPD of the crystalline form 2 (form
2) of the compound of formula (I)

2 theta degrees Relative intensity

(+0.1) (Angstrom)
7.491 11.792
15.007 5.899
17.959 4.935
19.425 4.556
22.652 3.922
26.122 3.409

According to the present invention, the compound of
formula (I) form 1 can be prepared by purifying or isolating
from the reaction environment the compound of formula (I)
obtained by means of the process of the present invention,
in the presence of solvents, such as acetone, water, THF,
s-butanol, n-heptane, acetonitrile and mixtures thereof.

According to the present invention, the compound of
formula (I) form 2 can be obtained by purifying or isolating
from the reaction environment the compound of formula (I)
obtained by means of the process according to the present
invention, in the presence of solvents such as dichlorometh-
ane, water, acetonitrile and mixtures thereof.

The present invention will be illustrated further by means
of the examples below.

EXAMPLES
Example 1

Synthesis of (6S)-5,6-dihydro-6-methyl-4H-thieno
[2,3-b]thiopyran-4-one-2-sulfonamide Compound of
formula (1)

Thiony! chloride (38.9 g, 326.6 mmol) was added to a
mixture of chlorosulfuric acid (79.7 g, 683.9 mmol) at 4° C.
under nitrogen in 10 minutes. The mixture was brought to
32° C,, stirred at this temperature for 3 hours, and cooled in
1 hour to -3° C. 5,6-dihydro-4H—(S)-6-methylthieno[2,3-
blthiopyran-4-one (20.1 g, 109.2 mmol) was added in por-
tions to the mixture. After this addition, the mixture was
heated to 28° C. and left under stirring at this temperature for
10 hours. Once fully converted, the mixture was diluted with
dichloromethane (250 mL) and quenched over deminer-
alised water (876 mL) at 1° C. under nitrogen atmosphere.
The organic phase was separated, the aqueous phase coun-
ter-extracted with dichloromethane (147 g), and the organic
phases were combined (482 g). A portion of the organic
phase (353.0 g) was concentrated under residual vacuum
and diluted with acetone (82.8 g). The solution was con-
centrated again under vacuum and diluted with acetone
(83.7 g).

Ammonia (18.55 g, solution 7 N in methanol, 161.2
mmol) was added to the obtained mixture of (S)-6-methyl-
4-0x0-5,6-dihydro-4H-thieno[2,3-b|thiopyran-2-sulfonyl
chloride (21.2 g, 75.0 mmol) in acetone (107 mL) at -10° C.
under nitrogen atmosphere. Once the reaction was complete,
the mixture was quenched with sulfuric acid (5.6 g, 1M
aqueous solution) at —10° C. Demineralised water (163.6 g)
was then added dropwise, whilst maintaining the tempera-
ture below 5° C. The temperature was brought to 0° C. and
the mixture left under stirring at 0° C. for 6 hours and 30
min. The solid was then filtered and washed with deminer-
alised water at 5° C. (39 mL) and dried to give (6S)-5,6-
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10
dihydro-6-methyl-4H-thieno|[ 2,3-b|thiopyran-4-one-2-sul-
fonamide (16.6 g, titre 93.7%, ee 97%).

1H NMR: 6H (ppm) (400 MHz; DMSO-d6) 7.8 (2H, s,
SO2NH2), 7.65 (1H, s, CH), 4.1-4.0 (1H, m, CH), 2.9-2.8
(1H, m, CH2) 2.8-2.7 (1H, m, CH2), 1.39 (3H, d, J=7 Hz,
CH3).

Example 2

(65)-5,6-dihydro-6-methyl-4H-thieno[2,3-b]thiopy-
ran-4-one-2-sulfonamide) Compound of formula (I)

Ammonium carbonate (19.02 g, 198.0 mmol) was added
to a mixture of (S)-6-methyl-4-oxo-5,6-dihydro-4H-thieno
[2,3-b]thiopyran-2-sulfonyl chloride (14.0 g, 49.5 mmol) in
acetone (65 g) at 0° C. under nitrogen atmosphere. The
mixture was stirred for 26 hours, then, once the reaction was
complete, sulfuric acid (110.8 g of a 1M solution) was added
at 0° C. After 3 additional hours, the precipitate was filtered
and washed with demineralised water (27 mL) and dried to
give (6S)-5,6-dihydro-6-methyl-4H-thieno[2,3-b]thiopyran-
4-one-2-sulfonamide (8.26 g, titre 92.3%, ee 96%).

1H NMR: 6H (ppm) (400 MHz; DMSO-d6) 7.8 (2H, s,
SO,NH,), 7.65 (1H, s, CH), 4.1-4.0 (1H, m, CH), 2.9-2.8
(1H, m, CH,) 2.8-2.7 (1H, m, CH,), 1.39 (3H, d, J=7 Hz,
CH,).

Example 3

(65)-5,6-dihydro-6-methyl-4H-thieno[2,3-b]thiopy-
ran-4-one-2-sulfonamide Compound of formula (I)
form 2

Ammonium hydroxide (2.3 g, 39.98 mmol, aqueous solu-
tion 29.6%) was added dropwise to a mixture of (S)-6-
methyl-4-0x0-5,6-dihydro-4H-thieno[2,3-b]thiopyran-2-
sulfonyl chloride (4.13 g, 14.61 mmol) in dichloromethane
(16.5 g) at —10° C. under nitrogen atmosphere. The mixture
was stirred for 19 hours, then the precipitate was filtered and
washed with demineralised water (14.8 ml.) and dried to
give (6S)-5,6-dihydro-6-methyl-4H-thieno[2,3-b]thiopyran-
4-one-2-sulfonamide (2.3 g, titre 86.8%, ee 96%).

1H NMR: 6H (ppm) (400 MHz; DMSO-d6) 7.8 (2H, s,
SO,NH,), 7.65 (1H, s, CH), 4.1-4.0 (1H, m, CH), 2.9-2.8
(1H, m, CH,) 2.8-2.7 (1H, m, CH,), 1.39 (3H, d, J=7 Hz,
CH,).

Example 4

(65)-5,6-dihydro-6-methyl-4H-thieno[2,3-b]thiopy-
ran-4-one-2-sulfonamide Compound of formula (I)
form 1

Carbon (150 mg) was added to a solution of (65)-5,6-
dihydro-6-methyl-4H-thieno|[ 2,3-b|thiopyran-4-one-2-sul-
fonamide (5.0 g, 91.1%, 17.3 mmol) in acetone (45.0 g) at
50° C. under nitrogen atmosphere. The mixture was stirred
for 2 hours, then filtered and diluted with demineralised
water (40.0 mL). The temperature was brought to 5° C. and
the solid was filtered, washed with demineralised water (7.0
g) and dried to give (6S)-5,6-dihydro-6-methyl-4H-thieno
[2,3-b]thiopyran-4-one-2-sulfonamide (3.95 g, titre 97.7%,
ee 94%).

1H NMR: 6H (ppm) (400 MHz; DMSO-d6) 7.8 (2H, s,
SO,NH,), 7.65 (1H, s, CH), 4.1-4.0 (1H, m, CH), 2.9-2.8
(1H, m, CH,) 2.8-2.7 (1H, m, CH,), 1.39 (3H, d, J=7 Hz,
CH,).
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Example 5

(6S)-5,6-dihydro-6-methyl-4H-thieno[2,3-b]thiopy-
ran-4-one-2-sulfonamide Compound of formula (I)
form 1

Carbon (100 mg) was added to a mixture of (6S)-5,6-
dihydro-6-methyl-4H-thieno[ 2,3-b|thiopyran-4-one-2-sul-
fonamide (3.0 g, 93.7%, 10.7 mmol) in s-butanol (27.0 g) at
70° C. under nitrogen atmosphere. The mixture was stirred
for 2 hours, then filtered and cooled to 5° C. The solid was
filtered, washed with s-butanol at 5° C. (2 g) and dried to
give (6S)-5,6-dihydro-6-methyl-4H-thieno[2,3-b]thiopyran-
4-one-2-sulfonamide (1.98 g, titre 98.6%, ee 95%).

1H NMR: 8H (ppm) (400 MHz; DMSO-d6) 7.8 (2H, s,
SO,NH,), 7.65 (1H, s, CH), 4.1-4.0 (1H, m, CH), 2.9-2.8
(1H, m, CH,) 2.8-2.7 (1H, m, CH,), 1.39 (3H, d, J=7 Hz,
CH,).

Example 6

(6S)-4-0x0-5,6-dihydro-6-methyl-7,7-dioxo-4H-
thieno[2,3-b]thiopyran-2-sulfonamide Compound of
formula (IV)

Oxygenated water (2.2 g, titre 35.9%, 23.23 mmol) was
added to a suspension of (S)-5,6-dihydro-6-methyl-4H-
thieno[2,3-b]thiopyran-4-one-2-sulfonamide (2.0 g, 7.48
mmol) and sodium tungstate dihydrate (78 mg, 0.54 mmol)
in methanol (8.3 g) under nitrogen atmosphere at 20° C. in
one hour via measuring syringe. After this dropwise addi-
tion, the mixture was brought to 25° C. and was left under
stirring for 24 hours. More oxygenated water (0.55 g, 35.9%,
5.76 mmol) was added to this mixture, and, after 6 hours,
more sodium tungstate dihydrate (98 mg, 0.30 mmol). The
mixture was left under stirring at 30° C. for 3 hours, then
heated to 50° C. for 8 hours and lastly cooled to 15° C. The
heterogeneous mixture stirred at 15° C. for 6 hours was
cooled to 10° C. and the residual oxidative power was
destroyed with a solution of sodium metabisulfite (5.4 g,
20% aqueous solution w/w). The mixture was diluted with
methanol (7.9 g) and demineralised water (10.0 g) and then
concentrated under vacuum up to a residual volume of 10
mL. The temperature was brought to 15° C., and the solid
was filtered and washed with demineralised water (6.9 g in
two portions), then dried to give (6S)-4-0x0-5,6-dihydro-6-
methyl-7,7-dioxo-4H-thieno[2,3-bthiopyran-2-sulfona-
mide (1.4 g, titre 96.8%, ee 96%).

1H NMR: 8H (ppm) (400 MHz, DMSO-d6, 25° C.) 8.2
(2H, bs, SO,NH,), 7.8 (1H, m, CH), 4.5 (1H, m, CH), 2.5
(1H, s, CH), 1.4 (3H, d, J=7 Hz, CH,).

Example 7

cis-(6S)-4-hydroxy-5,6-dihydro-6-methyl-7,7-dioxo-
4H-thieno|2,3-b]thiopyran-2-sulfonamide Com-
pound of formula (V)

Sodium borohydride (2.41 g, aqueous solution stabilised
at 24%, 15.3 mmol) was added to a suspension of (6S)-4-
0x0-5,6-dihydro-6-methyl-7,7-dioxo-4H-thieno[2,3-b]thio-
pyran-2-sulfonamide (13.2 g, 44.7 mmol) in THF (52.6 g) at
15° C. under nitrogen atmosphere in 1 hour via measuring
syringe. The reactive mixture was stirred for 1 hour at 15°
C. and then quenched with acetic acid (2.83 g). After this
addition, the mixture was heated to 40° C. and was stirred at
this temperature for 2 hours. The mixture was then concen-
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trated at reduced pressure up to a volume of 20 mL and was
then diluted with demineralised water (37.9 g). Distillation
was continued up to a volume of 50 mL and the temperature
was then set to 15° C. The solid was filtered and washed with
demineralised water (29 g in 4 portions), then dried to give
cis-(6S)-4-hydroxy-5,6-dihydro-6-methyl-7,7-dioxo-4H-
thieno[2,3-b]thiopyran-2-sulfonamide (11.4 g, titre cis+trans
99.1%, de 96%, ee cis 99%).

1H NMR: 8H (ppm) (400 MHz, DMSO, 25° C.) 8.0 (2H,
bs, SO,NH,), 7.6 (1H, s, CH), 6.1 (1H, bs, OH), 4.8 (1H, bs,
CH), 3.84 (1H, m, CH), 2.4 (1H, m, CH,) 2.15 (1H, m,
CH,), 1.37 (3H, d, J=7 Hz, CH,)

Example 8

trans-(6S)-4-acetylammino-5,6-dihydro-6-methyl-7,
7-dioxo-4H-thieno[2,3-b]thiopyran-2-sulfonamide
Compound of formula (VI)

Methanesulfonic acid (26.0 g, 270.5 mmol) was added
dropwise to a suspension of cis-(6S)-4-hydroxy-5,6-di-
hydro-6-methyl-7,7-dioxo-4H-thieno[2,3-b]thiopyran-2-
sulfonamide (23.0 g, 77.34 mmol) in acetonitrile (29.3 g) at
20° C. under nitrogen atmosphere in 20 minutes. The
mixture was then diluted with acetonitrile (7.4 g) and heated
to 87° C. After 15 hours under reflux, the temperature was
lowered to 30° C., and after 3 hours to 10° C. Demineralised
water (60.1 g) was added to the mixture at 10° C. in 30
minutes. The pH was then adjusted to 7.3 with ammonium
hydroxide (16.0 g, 30% aqueous solution). The temperature
was brought to 40° C. and the mixture was stirred at this
temperature for 30 min. Demineralised water (60.0 g) was
added to the mixture at 40° C. in 1 hour. The slurry was then
stirred for 30 min at 40° C. and then cooled at 7° C. for a
further 2 hours. The solid was filtered and washed with
demineralised water (17.2 g, in 2 portions) and with isopro-
panol (17.2 g in 2 portions), then dried to give trans-(6S)-
4-acetylamino-5,6-dihydro-6-methyl-7,7-dioxo-4H-thieno
[2,3-b]thiopyran-2-sulfonamide (20.6 g, titre cis+trans
91.1%, de 58%).

Trans diastereoisomer: 1H NMR: 0H (ppm) (400 MHz,
DMSO) 8.6 (1H, m, NH), 8.0 (2H, bs, SO,NH,), 7.4 (1H, s,
CH), 5.2 (1H, m, CH), 3.9 (1H, m, CH), 2.45 (1H, m, CH,,),
2.30 (1H, m, CH,), 1.9 (3H, s, COCH,), 1.37 (3H, s, J=7 Hz,
CH,).

Example 9

Synthesis of trans-(6S)-4-ethylamino-5,6-dihydro-6-

methyl-7,7-dioxo-4H-thieno[2,3-b|thiopyran-2-sul-

fonamide maleate salt Compound of formula (VII)
and (VIID)

Borane THF (176.9 g, 1M solution in THF) was added
dropwise to a suspension of trans-(6S)-4-acetylamino-5,6-
dihydro-6-methyl-7,7-dioxo-4H-thieno[2,3-b]thiopyran-2-
sulfonamide (20.0 g, 59.1 mmol) in THF (36.7 g) at 38° C.
under nitrogen atmosphere in 7 hours. The mixture was left
under stirring at 38° C. for 10 hours and was then transferred
to a solution of diluted hydrochloric acid at 60° C. The
quench suspension was diluted with THF (19.5 g) and stirred
under reflux for 1.5 hours. The mixture was then cooled,
purified and diluted with THF (41.5 g) and demineralised
water (18.7 g). The mixture was concentrated up to a volume
ot 100 mL,, the pH adjusted to 7.5, and lastly the mixture was
diluted with ethyl acetate (200.8 g). The aqueous phase was
separated and counter-extracted with ethyl acetate (22.7 g).
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The combined organic phases were washed with deminer-
alised water (17.5 g) and then concentrated under vacuum to
a volume of approximately 30 mL.. The mixture was then
diluted with ethyl acetate (142.6 g) and concentrated to a
volume of approximately 30 mL. %5 of the solution was
subjected to a change of solvent with acetone (102.2 g) by
distilling repeatedly up to 10 g of residues. The residue was
diluted with acetone (16.0 g), and maleic acid (6.6 g, 20%
solution in acetone) was added to the mixture at 40° C. After
the addition process, the temperature was brought to 20° C.,
the solid was filtered and washed with acetone (8.2 g, in 2
portions), then dried to give trans-(6S)-4-ethylamino-5,6-
dihydro-6-methyl-7,7-dioxo-4H-thieno| 2,3-b]thiopyran-2-
sulfonamide maleate salt (4.4 g, titre trans+cis 88.3%, de
99.6%, ee 99.9%).

1H NMR: 8H (ppm) (400 MHz, DMSO) 8.2 (2H, bs,
SO,NH,), 7.8 (1H, s, CH), 6.05 (2H, CH—CH), 4.6 (1H, bs,
CH), 4.0 (1H, m, CH), 3.2 (1H, m, Y2 AB, NH—CH,), 3.0
(1H, m, Y2 AB, NH—CH,), 2.7-2.5 (2H, m, CH,), 1.4 (3H,
d, J=7 Hz, CH,), 1.2 (3H, m, CH,).

Example 10

(485,65)-4-(ethylamino)-5,6-dihydro-6-methyl-4H-
thieno[2,3-b]thiopyran-2-sulfonamide-7,7-dioxide,
monochloride Dorzolamide Hydrochloride

Sodium hydroxide (8.0 g, 30% aqueous solution) was
added to a suspension of trans-(6S)-4-ethylamino-5,6-di-
hydro-6-methyl-7,7-dioxo-4H-thieno| 2,3-b]thiopyran-2-
sulfonamide maleate salt (12.0 g, 27.2 mmol) in water (35
ml) at 52° C. under nitrogen atmosphere. The pH was
adjusted to 7.7 with hydrochloric acid (2.3 g, 31.5% aqueous
solution) and the mixture was diluted with ethyl acetate
(36.1 g). The phases were separated and the aqueous phase
counter-extracted with ethyl acetate (24.8 g). The phases
were separated and the combined organic phases were
washed with water (10.2 g) and concentrated up to a volume
of approximately 30 mL.. The mixture was then diluted with
isopropyl alcohol (26.5 g) and the distillation process con-
tinued. The residue was diluted with isopropyl alcohol (33.0
g), and hydrochloric acid (4.6 g, 31.5% aqueous solution)
was added to the mixture at 75° C. The temperature was
brought to 20° C., the solid was filtered and washed with
isopropyl alcohol (14.6 g, in 2 portions), then dried to give
(45,65)-4-(ethylamino)-5,6-dihydro-6-methyl-4H-thieno|[ 2,
3-b|thiopyran-2-sulfonamide-7,7-dioxide, = monochloride
(8.1 g, titre 99.2%, ee 100%).

1H NMR: 8H (ppm) (400 MHz, DMSO) 9.9 (bs, 1H,
—NH,*CI"), 9.6 (bs, 1H, —NH,"CI"), 8.2 (s, 2H, SO,NH,),
8.0 (s, 1H, CH), 4.7 (bs, 1H, CH), 4.35 (m, 1H, CH), 3.2 (bs,
1H, NH—CH,), 3.0 (bs, 1H, NH—CH,), 2.8 (m, 1H, CH,),
2.6-2.5 (m, 1H, CH,), 1.4 (d, 3H, J=6 Hz, CH,), 1.3 (t, 3H,
J=7 Hz, CH,).

The invention claimed is:

1. A compound of formula (I):

@

| \ SO,NH,.
S S

2. A crystalline form 1 (form 1) of the compound of
formula (I) as described in claim 1, characterised by an
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X-ray powder diffraction (XRPD) graph having 2 theta peak
values at 9.865; 23.443; 14.359; 23.133; 16.837 and 27.181.

3. The form 1 according to claim 2, having XRPD as
described in FIG. 1.

4. A crystalline form 2 (form 2) of the compound of
formula (I) as described in claim 1, characterised by an
X-ray powder diffraction (XRPD) graph having 2 theta peak
values at 7.491; 15.007; 17.959; 19.425; 22.652 and 26.122.

5. The form 2 according to claim 4, having XRPD as
described in FIG. 2.

6. A process for preparing the compound of formula (I) as
described in claim 1 with an enantiomeric excess equal to or
greater than 60%

@

| \ SO,NH,

S S

comprising the step of reacting the compound of formula

uy

an

| \ SO,Cl
S S

with NH3 or salts thereof; said process being character-
ised in that the reaction is carried out in an acidic or
neutral environment.

7. The process according to claim 6, wherein the acidic or
neutral reaction environment is obtained by reacting one
mole equivalent of the compound of formula (II) with an
amount between 2 and 3 mole equivalents of NH3.

8. The process according to claim 6, wherein NH3 gas or
NH3 in organic solution is used.

9. The process according to claim 6, said process being
carried out in an organic solvent selected from the group
consisting of methanol, ethanol, isopropanol and dioxane, in
the presence of a polar or non-polar aprotic solvent, selected
from the group consisting of acetone, tetrahydrofuran (THF)
and dichloromethane.

10. The process according to claim 9, said process being
carried out working at a temperature between —70 ° C. and
100 °C.

11. A process for preparing a compound of formula (IV)

av)

O

| N\ SO,NH,
S S
Oy

comprising oxidizing the compound of formula (I),
obtained in accordance with the process according to
claim 6.
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12. A process for preparing a compound of formula (V)
W
OH
5
| A\ SO,NH,
S S
0,

comprising reducing the carbonyl group of the compound 10
of form (IV), obtained in accordance with the process
according to claim 11.

13. A process for preparing a compound of formula (VI)

%) 15

20

comprising transforming the compound of formula (V), »
obtained in accordance with the process according to
claim 12.

14. A process for preparing a compound of formula (VII)

(vip) 30
HN/\
| A\ SO,NH, 3
S S
0,

16
comprising reducing a compound of formula (VI),
obtained in accordance with the process according to
claim 13.
15. A process for preparing a compound of formula (VIII)

(VIID)

i~ PN
\ COOH
| SO,NH, |
S S
0y COOH

comprising salifying with maleic acid a compound of
formula (VII) obtained in accordance with the process
according to claim 14.

16. A process for preparing a compound of formula (IX)

Ix)

N

o

| N\ SO,NH,
S S
0O,
DOROZOLAMIDE

comprising the step of treating with a base the compound
of formula (VIII) obtained in accordance with the
process according to claim 15 and, where necessary,
salifying dorzolamide with HCI to obtain the corre-
sponding hydrochloride salt.

#* #* #* #* #*



